Fumonisins B 1 and B 2 were extracted from naturally contaminated corn products by using different extraction solvent compositions (methanolwater, acetonitrile-methanol-water, ethanolwater, and 100% water) and a range of temperatures from ambient to 150°C. Ground samples of several corn products and 1 rice sample were mixed with an adsorbent material (Hydromatrix™), and the fumonisins were extracted in 2 sequential 5 min static extractions at various temperatures. The combined extracts were cleaned up and analyzed by reversed-phase liquid chromatography with fluorescence detection after o-phthaldialdehyde-mercaptoethanol derivatization. The results showed a clear influence of temperature and solvent composition on recovery of fumonisins from some matrixes. With acetonitrile-methanol-water (1 + 1 + 2) the quantity of fumonisins extracted from naturally contaminated taco shells almost tripled in going from 23°to 80°C, and increased by another 30% when ethanol-water (3 + 7) was used as extraction solvent at 80°C. Similar results were obtained with nacho chips. These effects were less pronounced with cornmeal, and small differences due to temperature and solvent composition were observed for corn flakes and rice. The ethanolwater extraction solvent combinations were specifically evaluated in an effort to use the cheapest, least toxic, and most environmentally friendly solvents for organic residue analysis. At 80°C, ethanol-water combinations performed equally or better than methanol-water (8 + 2) or acetonitrile-methanol-water (1 + 1 + 2), combinations which are commonly used for fumonisin extractions. Even 100% water was successful for extracting fumonisins from the products, except for rice. However, increased amounts of water created technical problems and required an increased amount of Hydromatrix in the samples prior to extraction. F umonisins represent a group of 7 related mycotoxins that occur widely in corn-based foods (1-4). They produce a number of toxicological effects including cancer in rats and mice (5, 6) and have been linked to human esophageal cancer in certain parts of the world (3, 4, 7, 8) . Because of the human health implications, much research has been performed on the development of methods for determination of fumonisins in corn and other products (1, 9). These studies show that no one optimum extraction procedure is suitable for all products. Indeed, significant differences were reported in the extraction of fumonisins with different solvent combinations (Table 1 ). The pH of the extractant has a dramatic effect on the extractability of fumonisins from corn products (12, (14) (15) (16) (17) . However, only 1 study reported the effect of temperature, and that was for a method using supercritical fluid extraction (18).
F
umonisins represent a group of 7 related mycotoxins that occur widely in corn-based foods (1) (2) (3) (4) . They produce a number of toxicological effects including cancer in rats and mice (5, 6) and have been linked to human esophageal cancer in certain parts of the world (3, 4, 7, 8) . Because of the human health implications, much research has been performed on the development of methods for determination of fumonisins in corn and other products (1, 9) . These studies show that no one optimum extraction procedure is suitable for all products. Indeed, significant differences were reported in the extraction of fumonisins with different solvent combinations (Table 1 ). The pH of the extractant has a dramatic effect on the extractability of fumonisins from corn products (12, (14) (15) (16) (17) . However, only 1 study reported the effect of temperature, and that was for a method using supercritical fluid extraction (18) .
In an effort to develop analytical methods that do not require substantial amounts of organic solvents, we studied alternative approaches to classical organic solvent extraction, such as the use of water at elevated temperatures under just enough pressure to maintain it in the liquid state. Subcritical water has been used for the extraction of polycyclic aromatic hydrocarbons (19) , polychlorinated biphenyls (20) , and some pesticides (21) . As water is heated from ambient temperature, its dielectric constant decreases, and at about 225°C (under enough pressure to maintain the liquid state) is similar to that of methanol. In addition, both its viscosity and surface tension decrease, thus increasing its ability to extract and solubilize organic analytes from solid matrixes. For the extraction of fumonisins B 1 , B 2 , and B 3 , water at ambient temperature was the least effective compared to acetonitrilewater (1 + 1) and methanol-water (3 + 1) (10) .
We studied the effect of temperature on the extraction of fumonisin B 1 (FB1) and fumonisin B 2 (FB2) from a variety of corn products and rice, using different solvent mixtures, including acetonitrile-methanol-water, methanol-water, ethanol-water, and 100% water over a temperature range of 23°to 150°C. We used a Dionex accelerated solvent extraction apparatus in which samples are extracted under pressure from sealed vials, enabling the use of temperatures above the normal boiling point of the extraction solvents. The apparatus has already improved recovery of ecologically important phosphorus from sediment samples, using water at 100°C (22) . 
Experimental

Apparatus
Preparation of Sample
Portions (1-3 g) of ground sample were mixed with 1-3 g diatomaceous earth sorbent material (Hydromatrix) in a small beaker with a spatula to provide a porous mixture which enabled the extraction solution to flow through the sample in the cell during extraction. This was particularly important as the percentage of water in the extraction solution increased; otherwise, extraction vessels became blocked. The percentage of Hydromatrix mixed with the sample increased as the percentage of water in the extraction solution increased. Table 2 lists the quantities of sample and Hydromatrix used for different sample types and extraction solvents tested.
Extraction of Sample
A known weight of sample/Hydromatrix mixture was poured into an 11 mL extraction cell so that the cell was at least 80-90% full. The cell was sealed and placed in the apparatus (ASE 200 automated extractor, Dionex). The following program was used for extraction: 1500 psi, 2 static cycles at 5 min each, 70% flush volume, 120 s purge. The extraction temperature ranged from 23°(ambient) to 120°C. (For rice, the maximum extraction temperature was 150°C.) The extraction solutions used were acetonitrile-methanol-water (1 + 1 + 2), methanol-water (8 + 2), and ethanol-water, with ethanol ranging from 0 to 50%.
About 20-23 mL extract was collected and made to exactly 24 mL with extraction solution for further processing. An extract containing suspended particles (e.g., taco shells extracted with acetonitrile-methanol-water [1 + 1 + 2] at high temperatures) was centrifuged for 10 min at 4500 rpm and the supernatant decanted. Extracts were stored in a refrigerator for a few hours or overnight to precipitate coextracted material. Extracts were filtered through a 0.45 µm Acrodisc filter if necessary, prior to further cleanup.
Strong Anion-Exchange (SAX) Cleanup
A clear aliquot of sample extract, equivalent to 0.25 g sample, was added to the SAX cartridge previously conditioned with 2 mL ethanol followed by 1 mL water. A reservoir was attached to the top of the cartridge, and the flow rate was regulated with a plastic syringe. The column was washed with 3 mL ethanol, which was discarded. The cartridge was not allowed to go dry at any point. The fumonisins were eluted with 3 mL ethanol-acetic acid (98 + 2) into a test tube at ca 0.5 mL/min. The eluate was evaporated to dryness under a stream of nitrogen at 45°C. The dry residue was reconstituted with 3 mL ethanol-water (8 + 2).
Immunoaffinity Column Chromatography
The immunoaffinity cartridges were prepared in the Food Research Division of Health Canada from polyclonal antibodies isolated from the serum of treated rabbits. The antibodies were immobilized onto the surface of silica particles for use as immunoaffinity cartridges. This procedure was described elsewhere (24) . The immunoaffinity column, stored in PBS (containing 0.02% sodium azide), was washed with 1 mL water; the sample solution from the SPE-SAX step was then transferred into a reservoir attached to the top of the cartridge. A plastic syringe was used to push the solution slowly through the cartridge. The cartridge was washed twice with 3 mL ethanol-water (8 + 2) and then eluted with 5 mL ethanol-0.15M H 3 PO 4 (8 + 2) into a graduated test tube. The cartridge was not allowed to go dry at any point. A 240 µL volume of 1M KOH was added to the eluate, which was evaporated to 0.5 mL under a stream of nitrogen at 45°C. With indicator paper, the pH of the concentrate was verified to be 10, or adjusted to that value with KOH solution.
o-Phthaldialdehyde (OPA) Reaction
A 20 µL volume of OPA reagent was added to 120 µL sample solution (pH 10) in a 1 mL plastic microcentrifuge tube and mixed (Vortex). The mixture was allowed to react at room temperature for 2 min. A 50 µL aliquot of the mixture was then injected into the LC system for analysis.
Results and Discussion
Sample Extract Cleanup Procedure
The analytical method using the SPE-SAX cartridges to clean up the extracts was similar to that reported elsewhere (25) . However, fumonisin recovery decreased significantly if >0.1 g equivalent sample was passed through the cartridges. As the acetic acid content of the eluting solution was increased from 1 to 2%, recoveries were consistently >90%, and up to 1 g sample could be passed through the cartridges without affecting recovery.
The immunoaffinity chromatography cleanup step was used to improve detection limits so that naturally contaminated samples containing low ng/g concentrations of fumonisins could be included in the study. Although we prepared the immunoaffinity cartridges (24), other commercially available cartridges may also be useful for improving cleanup, but were not evaluated in this work.
Optimization of the Extraction Procedure
Operation of the extraction apparatus was described elsewhere (26, 27) . The conditions described above were optimal for our studies. Two sequential static extractions of 5 min each followed by a 2 min purge produced consistently high recoveries (>90%) of fumonisins spiked onto Hydromatrix in the absence of sample matrix. This ensured that no losses of fumonisins occurred as a result of the technical setup of the system, the extraction program chosen, or adsorption onto the Hydromatrix.
The samples were difficult to extract because of their composition and the high percentage of water in some of the extraction solvent mixtures. When mixed with corn flour or other foods containing a high amount of starch, water tends to form a paste, and, especially at higher temperatures, tends to "cook," resulting in a solid mass. However, mixing the samples with a sorbent material such as Hydromatrix created a porous mixture and enabled the use of 100% water for extracting fumonisins from food samples. The amount of sorbent material for effective extraction increased as the percentage of water in the extraction solvent increased. Table 2 lists the amounts and proportions of sample and Hydromatrix found acceptable for various extraction solvent and temperature combinations. When extractions were carried out at room temperature (23°C), no technical problems were encountered. The extracts were clear and easily filtered and cleaned up. However, as the temperature was raised to 100°C, more sample material was extracted, as indicated by increased color of the extracts and occasionally by cloudy suspensions. These extracts were difficult to filter and tended to block the SPE-SAX cartridges. By leaving the extracts in a refrigerator for a few hours or overnight, a significant quantity of coextractives precipitated. These were removed by centrifugation, and the supernatant was easily filtered and suitable for SPE-SAX cleanup. This cooling/precipitation step was incorporated into the analytical scheme. The presence of suspended material in the extracts was more pronounced at higher temperatures for extraction solvents that contained 85-100% water. Table 3 lists recoveries for various extraction solvent mixtures at different temperatures over a spiking range of 100-450 ng/g each for FB1 and FB2. For the acetonitrilemethanol-water extraction mixture, temperature had no significant influence on recovery of fumonisins from spiked samples. Similar results were obtained with the other extraction solvents although data were inconclusive. For spiked samples, temperature would not have much of an effect because fumonisins are not present in a bound form as in naturally contaminated samples. However, recovery might decrease at higher temperatures because of thermal decomposition or reaction with matrix components. The ethanol-water (3 + Cornmeal  23  70  34  --85  30  ----80  89  37  --86  36  59  27 70 38
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7) mixture at 80°C provided consistently high recoveries (>80%) for both FB1 and FB2 with most samples. (The exception might be corn flakes, but data were inconclusive.) At 80°C, the ethanol-water (15 + 85) and 100% water extraction solvents also functioned well for the corn products. Lower recoveries were obtained with 100% water for the rice sample.
Determination of Fumonisins in Naturally Contaminated Samples
Although temperature did not significantly affect recovery of fumonisins from spiked samples, it had a substantial effect on recovery from naturally contaminated samples of taco shells and nacho chips (Table 4) . With the acetonitrilemethanol-water extraction mixture, concentrations of FB1 and FB2 in taco shells approximately tripled, in going from 23°to 80°C (or 100°C) extraction temperature. For nacho chips, values almost doubled over the same temperature range. Figure 1 compares chromatographic results at the different temperatures. The amount of coextractives in the chromatograms, particularly at 5-10 min (the broad hump), also increased with stronger extraction conditions. In addition to this increase, the ethanol-water mixture extracted 30% more fumonisins than were obtained with acetonitrilemethanol-water at 80°C. These results demonstrate that good recoveries of FB1 and FB2 from spiked samples do not indicate that the extraction method is suitable for naturally contaminated samples.
The effect of temperature was less pronounced with the cornmeal sample when acetonitrile-methanol-water was used. The concentration of FB1 increased slightly at 80°C compared to 23°C. No difference in values was observed between 23°and 80°C for the ethanol-water (3 + 7) mixture. Temperature had no effect on results for corn flakes and rice samples when acetonitrile-methanol-water was used. (Tortilla chips were not analyzed at 23°C.)
Overall, the ethanol-water (3 + 7) mixture was consistently more effective for extracting FB1 and FB2 from naturally contaminated samples, except for tortilla chips where fumonisin concentrations were lower for ethanol-water (3 + 7) at 80°C than for the acetonitrile-methanol-water extraction mixture. Figure 2 shows that chromatograms obtained with acetonitrile-methanol-water, ethanol-water (3 + 7), and 100% water at 80°C for taco shells are very similar.
Although methanol-water (8 + 2) and (3 + 1) solvent mixtures have often been used in the past, these combinations are not as effective as pH-adjusted extracting solutions or those containing acetonitrile (Table 1) . We found that methanolwater (8 + 2) was less efficient than the other mixtures (including ethanol-water), particularly at ambient temperature. However, the effect of temperature was similar to that found with other mixtures tested on the corn samples. That is, the quantity of fumonisins extracted from nacho chips and taco shells increased at elevated temperatures, but there was less effect with cornmeal and rice. Only a few studies were made with methanol-water combinations; instead, ethanol was evaluated as an alternative to methanol in the extracting solutions.
The extraction apparatus in this work makes use of 2 static extractions. To assess the efficiency of this process, we compared a 23°C (ambient) extraction of naturally contaminated taco shells, using the acetonitrile-methanol-water extraction mixture, with a standard 23°C (ambient) extraction using the same solvent but also a Polytron homogenizer for 3 min (18) . The results with the homogenization were about double those obtained by static extraction (Table 4) , indicating that dynamic extraction was more effective than the static method. Although this was not unexpected, because sampleextractant contact is better in the dynamic technique, raising the temperature of the extracting solvent more than compensated for this result (Table 4) .
Water as an Extraction Solvent for Fumonisins
The effectiveness of 100% water or predominantly aqueous solutions for extracting fumonisins from corn products was investigated. Rice et al. (10) evaluated water at room temperature for the extraction (by shaking 15 min-8 h) of fumonisins from corn culture material and field corn. They Table 4 .
found that both acetonitrile-water (1 + 1) and methanolwater (3 + 1) were superior to 100% water both for recovery and technical ease. We did not evaluate water at room temperature, but results in Table 4 show that water at 80°or 120°C is effective in extracting FB1 and FB2 from naturally contaminated products. Figure 2 compares chromatograms obtained with water extraction of taco shells with the acetonitrile-methanolwater and the ethanol-water (3 + 7) mixtures at 80°C. Although the results with water compare favorably with the others, the use of 100% water required substantially more Hydromatrix to be mixed with the sample to prevent blockage of the system. In addition, increased amounts of coextracted material in the extracts required precipitation and filtration before sample cleanup; otherwise, the SPE-SAX cartridges were quickly blocked. The addition of 30% ethanol (selected for its low toxicity and price) significantly reduced these technical problems while maintaining high recoveries of fumonisins and somewhat improving their extraction from naturally contaminated samples. Figure 3 shows typical chromatograms obtained with ethanol-water (3 + 7) for rice, corn flakes, and cornmeal.
In spite of the technical problems, water at elevated temperatures appears to be effective as an extraction solvent for organic compounds similar in polarity to fumonisins. Also, corn and rice are particularly difficult test samples for studying water as an extractant. Other types of food products such as fruits and vegetables may be much easier to deal with. Besides being an attractive solvent because of its nontoxicity, environmental friendliness, and low cost, water is particularly suited to sample cleanup techniques that involve ionexchange or immunoaffinity chromatography, which require predominantly aqueous solutions to function effectively. This was the case in the present study, where the only organic solvent used in the whole extraction (ethanol-water, 3 + 7) and cleanup procedure was ethanol. The approach was effective in determining low ng/g concentrations of FB1 and FB2 in the samples studied. Table 4 .
